HE literature which deals with the mutual effects of exchange cations divides itself into two parts; the one comprising numerous studies of plant composition, the other consisting of a relatively few chemical measurements of the ease of entry or release from exchange materials. In its subject matter the present paper falls into the second group; yet it is related also to the first, since it forms an essential preliminary to a series of plant composition-cationic activity studies in which potassium and calcium are simultaneously varied. Progress in the use of clay membrane electrodes has now reached the point where measurement of two cationic activities is practicable. We have therefore made a study of potassium and calcium upon a montmorillonite clay. All such potentiometric measurements can be viewed in two ways, first as an expression of energy relationships, second (and more commonly) as a means of calculating ionic activities on the customary concentration scale. Previous contributions from this laboratory have been concerned with single alkali (8) 3 and alkaline earth cations in montmorillonite, beidellite, illite, and kaolinite clays. One of the most important conclusions from this work is that a single cation upon a single clay mineral can be held with a wide range of bonding energies (6). There are, in addition, important differences in ionization between different cations (especially between the alkali and alkaline earths) and between different clay minerals. The agronomic implications of these findings are practically self-evident. However, the results with single cations provide only qualitative indications of their mutual effects in polyionic systems. Ultimately when the energy relationships are better known,'it may prove possible to make quantitative predictions of the behavior of polyionic systems, but this is not likely to be a simple matter.
Using the concept of cations held with different bonding energies Jarusov (4) was able to make certain general predictions regarding the influence of one cation upon the replaceability (or as he called it, the mobility) of another. Jenny and Ayers (5), approaching the same problem from the kinetic viewpoint, used the theory of oscillation volumes to predict, in certain simple cases, what the quantitative effect of one cation upon another would be. Later workers have demonstrated, chiefly by exchange experiments, the great practical value of these theoretical considerations. However, until the advent of the clay membrane electrodes, there has been no measure
TECHNIQUE
The simultaneous measurement of a monovalentlent cation requires the use of two membranes hav properties. It has previously been shown (7) th bentonite membranes, heated to temperatures arou C, become practically insensitive to divalent catio maining sensitive to monovalent cations. Calciu membranes preheated to 400-600° C and hydrogen Putnam clay membranes preheated to 500-700° £ both to monovalent and divalent cations. In additio ion activities can always be obtained from measu the glass electrode.
The determination of potassium was made us hydrogen bentonite membranes (electrodialyzed A nite) as previously described. The known (inner) KC1 at a K* activity of 0.009. Very satisfactory afforded by taking the average of four electrodes, of two separate samples of clay suspension.
The calcium determinations are considerably m besides being inherently less accurate, because of nature of the cation. They are derived by the us lowing equation, which gives the potential across permeable to cations only. where R, T, and F are the usual Nernst formula q is the potassium ion activity in the pure KC1 sol side of the membrane A 11 is the potassium ion ac mixed system, A" is the calcium ion activity in Ca system. Uca/Us is the calcium-potassium mobility membrane. This last quantity has to be determine rate experiment with known solutions. We have because of the variability of UC»/UK with cation it is safest to determine the mobility ratio under p ilar conditions to those encountered in measurin solutions; that is, with pure KC1 solution on known mixtures of calcium and potassium chlo other. The same equation is therefore used. It c for Uca/Uic or for A" as the case may be, either Ca approximations or graphically. The choice of membranes best suited to such d was based largely on their behavior in the prelim minations of Uca/Uu. In general, we have foun branes cut from the same film of clay vary more erty than in any other. In order to use averages of readings it was essential to employ groups of mem closely agreeing Uca/U K values. The conditions determinations of Aca are most favorable when thi little variation with concentration or with the Aca
